ABSTRACT Background: Although short-term effects of the Dietary Approaches to Stop Hypertension (DASH) diet on blood pressure have been shown in intervention studies, less is known about the longterm effects. Objective: The aim was to study the relation between dietary patterns based on DASH diet characteristics and blood pressure (BP) and BP change in a clinical trial of antioxidants conducted in France from 1994 to 2002. Design: Repeated 24-h dietary records were collected during the first year of follow-up. Dietary variables studied included fruit and vegetables, dairy products and fat (defined by Keys score), and two hypothesis-oriented scores based on the DASH diet. We performed a cross-sectional analysis of BP measured at the first clinical examination (1995)(1996) in 4652 participants aged 35-63 y and a longitudinal analysis of BP change over a median follow-up of 5.4 y (n ҃ 2341). Results: The mean increases in systolic (SBP) and diastolic (DBP) BPs were 9.3 and 4.5 mm Hg, respectively. After adjustment for potential confounders, higher fruit and vegetable consumption was associated with lower SBP and DBP at first clinical examination (P for trend 0.02 for both) and a lower 5-y increase in SBP (Ҁ2.1 mm Hg in the 4th compared with the 1st quartile; P for trend 0.004) and DBP (Ҁ0.7 mm Hg in the 4th compared with the 1st quartile; P for trend 0.03). The 2 DASH scores also were significantly associated with a lower BP at the first clinical examination and a lower BP increase. No significant relations were observed with dairy products or Keys score in either analyses. Conclusion: These results suggest that high fruit and vegetable intakes may be associated with a lower increase in BP with aging.
INTRODUCTION
Hypertension is a highly prevalent cardiovascular disease risk factor due to the common rise in blood pressure with advancing age (1, 2) . A better understanding of factors that account for blood pressure increase with age could contribute to improved prevention of hypertension.
The critical role of diet in the prevention of hypertension has been established in intervention trials (3) (4) (5) (6) . One key study is the Dietary Approaches to Stop Hypertension (DASH) trial (3) . This study showed that a diet emphasizing increased fruit, vegetable, and low fat dairy consumption, in addition to decreased total fat and low saturated fat intakes, substantially lowered blood pressure (BP) during an 8-wk intervention. This finding has been strengthened by results from the Nurses' Health Study and the Health Professionals Follow-up Study groups, which found a lower risk of coronary heart disease and stroke associated with a prudent dietary pattern characterized by higher intakes of fruit, vegetables, legumes, fish, and whole grains (7, 8) . There is an accumulating amount of evidence on the BP-lowering effect of this diet over short-term periods (3) (4) (5) (6) , and recent diet recommendations are based on the results of the DASH trial (9) . However, less is known about the effect of this diet over several years and its effect on age-related BP increase. The objective of our study was to investigate the relations between both BP and 5-y BP changes and dietary patterns based on the DASH eating plan in free living middle-aged French men and women participating in the SU.VI.MAX cohort.
SUBJECTS AND METHODS

Population
The design, methods, and rationale of the SU.VI.MAX study have been reported elsewhere (10, 11) . Briefly, the French SU. VI.MAX study was initially designed as a randomized, double blind, placebo-controlled, primary prevention trial to test the efficacy of a daily supplementation with antioxidant vitamins and minerals at nutritional doses in reducing the incidence of ischemic heart diseases and cancer. In total, 13 017 participants were included from 1994 to 1995 with a planned follow-up of 8 y.
Inclusion criteria
In the cross-sectional analyses, only participants who completed ͧ3 dietary records before the first clinical examination were eligible (n ҃ 2596 men, 3523 women). Among these, 5041 participants had no missing covariables [eg, age, body mass index (BMI), physical activity, tobacco use, level of education, dietary records, or BP measurements]. Finally, 389 participants who reported taking any antihypertensive medications at the first clinical exam were excluded; thus, 1937 men aged 42-63 y and 2715 women aged 35-63 y were included in the present analysis.
The longitudinal analysis is based on the same sample. A total of 1073 participants with hypertension (measured as a SBP ͧ140 mm Hg or a DBP ͧ90 mm Hg, antihypertensive medication use, or both) at the first clinical examination were excluded from the present analysis. In the longitudinal analysis, we did not exclude participants who received antihypertensive treatment medication initiated after the first clinical examination. Of the remaining participants, 841 men and 1500 women with available data from the last clinical examination were included in the longitudinal analysis of BP change.
Data collection
The participants' general characteristics were collected by a self-administrated questionnaire at enrollment. Data on education level were coded into 3 categories (primary school, high school, or university or equivalent). Data on smoking status (current smoker, former smoker, or nonsmoker) and habitual physical activity (none or irregular, 1 h/d, or ͧ1 h/d) were also obtained from the same questionnaire.
A clinical examination was conducted from 1995 to 1996 and again from 2001 to 2002 for the follow-up clinical exam. At each clinical exam, height, weight and blood pressure were measured. Weight was measured by using an electronic scale with the participants wearing indoor clothing and no shoes. Height was measured under the same conditions to the nearest 0.5 cm by using a wall-mounted stadiometer. BP was measured by using a standardized procedure with a standard mercury sphygmomanometer. BP was taken once from each arm of the participants after they had been lying down for 10 min. The mean of these 2 measurements was used for analyses. If SBP was 160 mm Hg or DBP was 100 mm Hg, BP was remeasured after a second rest period of 10 min, and the lowest value was retained. To account for the effect of antihypertensive treatment initiated after the first clinical examination, we used the stepwise correction described by Cui et al (12) ; increments of 8/4 mm Hg (SBP/DBP), 14/10 mm Hg, and 20/16 mm Hg were added to the SBP and DBP measured at the last clinical exam of participants taking 1, 2, and 3 different antihypertensive medication classes, respectively.
Dietary assessment
Participants were asked to provide 24-h dietary records every 2 mo for a total of 6 records per year. Dietary data were transmitted by participants by using the Minitel Telematic Network. The Minitel was a small terminal widely used in France as an adjunct to the telephone at the beginning of the SU.VI.MAX study in the 1990s. At enrollment, the participants received a small central processing unit specifically designed for the study, which contained specialized software allowing participants to fill out a computerized dietary record off-line and subsequently transmit their data during brief telephone connections. The participants were assisted by the conversational facilities of the software and used an instruction manual for coding food portions. This previously validated reference manual (13) includes photographs of 250 foods (corresponding to 1000 generic foods) represented in 3 different portion sizes. The participants could also choose from 2 intermediate or 2 extreme portions, for a total of 7 different possible portion sizes.
Nutrient, vitamin, mineral, and alcohol intakes were estimated by using food-composition tables validated for the French population (14) . Each course was divided and categorized into food groups by using a recipe table. For each participant, only the dietary records completed before the first clinical examination (between inclusion periods in 1994 -1995 and 1995-1996) were included for the present analysis and were reported as average intakes.
Dietary patterns
Five dietary exposure variables.were studied. We examined 3 main characteristics of the DASH diet: fruit and vegetables (excluding potatoes and legumes), dairy products (including milk, cheese, yogurt, and other dairy products), and the healthy fat pattern as defined by the Keys score (15) . We also studied 2 different hypothesis-oriented dietary patterns scores that were adapted from the DASH eating plan.
The Keys score is calculated by the following equation:
where S and P are the percentage of energy from saturated fat and polyunsaturated fat, respectively, and C is dietary cholesterol (in mg/1000 kcal). A healthy fat intake pattern is reflected by a lower Keys score. The 2 scores adapted from the DASH eating plan (3) were based on a combined dietary pattern variable (3). The DASH score was created by using a hypothesis-oriented pattern variable as described previously by Schulze et al (16) . This score represents the sum of 3 standardized food groups (where the mean ҃ 0 and SD ҃ 1): fruit, vegetables, and dairy products, which results in a graded score that essentially reflects a dietary pattern rich in these types of foods. A "DASH plus Keys score" was created by adding the standardized Keys score to the DASH score such that it reflects the DASH diet and a healthy fat pattern.
Statistical analysis
We first performed a cross-sectional analysis to study the relation between diet and BP measured at the first clinical examination using a generalized linear model. We then performed a longitudinal analysis to study the relation between diet and BP change measured at the first and last clinical examination. Specific quartiles were calculated for each sex and P for linear trend was performed by using dietary intakes as continuous variables. Two adjustment models were used. In addition to the dietary exposure variable study (eg, fruit and vegetables, DASH score, etc.), model 1 included age, sex, group (treatment compared with placebo), total energy intake (excluding alcohol), and number of dietary records completed. In model 1, only 1 of the 5 dietary variables studied was included in the model at each time. Model 2 included all adjustments made in model 1 plus tobacco use, alcohol (specific tertile by sex), physical activity, educational DIETARY PATTERNS AND BLOOD PRESSURE CHANGE level, BMI (18.5, 18.5-25, 25-30, or ͧ 30) , and dietary sodium intake (except table salt). In model 2, results were adjusted by using other dietary variables. Thus, 3 analyses were performed by using an adjustment of model 2. The first model included intakes of fruit and vegetables, intake of dairy products, and Keys score; the second model included the DASH score and the Keys score; and, finally, the third model included only the DASH plus Keys score. The longitudinal analysis was further adjusted by BP measured (SBP or DBP) at the first clinical examination.
To assess the effect of the step-wise correction of BP on results, we performed a sensitivity analysis using 3 other strategies to account for antihypertensive treatment. Strategy 1 (S1) used no correction of BP, strategy 2 (S2) used other correction of BP on the basis of an analysis of censored values suggested by Levy et al (17) , and strategy 3 (S3) excluded 139 participants with an antihypertensive treatment initiated between clinical examinations and thus was performed on the remaining 2212 participants.
All statistical analyses were performed with SAS software (version 8.02; SAS Institute, Cary, NC) by using standard procedures. Statistical significance was judged at ␣ 0.05.
RESULTS
Descriptive statistics
Participants who were excluded from the cross-sectional analysis were more likely to be women (61.7% of excluded participants compared with 58.4% of included participants; P 0.0002), to be smokers (17.9% compared with 13.2%; P 0.05), and to have a higher BMI (39.3% compared with 34% with BMI ͧ 25; P 0.0001). Of the participants with available data at the first clinical examination (n ҃ 5041), 29.0% had high BP levels (SBP ͧ140 mm Hg or DBP ͧ90 mm Hg or antihypertensive treatment). Among those, 7.8% were taking antihypertensive medications. The participants without treated hypertension who were included in the cross-sectional analysis (n ҃ 4652) had a mean (ȀSD) SBP of 123 Ȁ 14.2 mm Hg and a mean DBP of 79 Ȁ 9.1 mm Hg. Of these participants, 55% had completed ͧ6 dietary records. The description of the population included in the cross-sectional analysis is shown in Table 1 .
High fruit and vegetable consumption was associated with a higher educational level (47% of participants who attended college were in the highest intake quartile compared with 37% who were in the lowest quartile; P 0.0001). The participants with higher fruit and vegetable consumption also tended to smoke less (9% compared with 19%, respectively; P 0.0001), drink less alcohol (15 g/d compared with 19.6 g/d, respectively; P 0.0001), and engage in more physical activity (22% compared with 28% who performed no or irregular physical activity; P 0.01). Higher fruit and vegetable consumption was also associated with a lower Keys score (Spearman r ҃ Ҁ0.27, P 0.0001) and with a higher consumption of dairy products (Spearman r ҃ 0.19, P 0.0001).
High dairy product consumption was associated with lower current tobacco use (9% compared with 19%; P 0.0001) and lower alcohol intake (14 g/d compared with 22 g/d; P 0.0001). No significant associations were observed between the Keys score and variables other than fruit and vegetable intakes (results not tabulated).
Cross-sectional analysis of blood pressure measurements taken at the first clinical examination and dietary patterns
High fruit and vegetable consumption was associated with lower BP at the first clinical examination, as shown in Table 2 (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ1.6 mm Hg, P for trend 0.02; DBP: Ҁ1.0 mm Hg, P for trend 0.005). No significant associations were observed for dairy product consumption or a dietary fat pattern as defined by the Keys score. The DASH score was associated with lower BP (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ1.5 mm Hg, P for trend 0.004; DBP: Ҁ1.2 mm Hg, P for trend 0.0002). This association was not strengthened for the combined DASH plus Keys score. Results did not substantially change after further adjustment (ie, model 2).
When comparing results by sex (results not tabulated), fruit and vegetable consumption was associated with a lower BP in men (SBP in a comparison of the 4th with the 1st quartile: Ҁ1.7 mm Hg, P for trend 0.20; DBP in a comparison of the 4th with the 1st quartile: Ҁ1.2 mm Hg, P for trend 0.08) and in women (SBP in a comparison of the 4th with the 1st quartile: Ҁ1.6 mm Hg, P for trend 0.03; DBP in a comparison of the 4th with the 1st quartile: Ҁ1.0 mm Hg, P for trend 0.02). Relations were also similar for the DASH score for men (SBP in a comparison of the 4th with the 1st quartile: Ҁ1.8 mm Hg, P for trend 0.02; DBP in a comparison of the 4th with the 1st quartile: Ҁ1.6 mm Hg, P for trend 0.002 mm Hg) and women (SBP in a comparison of the 4th with the 1st quartile: Ҁ1.3 mm Hg, P for trend 0.06; DBP in a comparison of the 4th with the 1st quartile: Ҁ1.8 mm Hg, P for trend 0.0008). Dairy product consumption was associated with lower BP in men (SBP in a comparison of the 4th with the 1st quartile: Ҁ2.6 mm Hg, P for trend 0.04; DBP in a comparison of the 4th with the 1st quartile: Ҁ1.8 mm Hg, P for trend 0.007), but not in women (interaction between sex and dairy product for SBP: P 0.03; that for DBP: P 0.05).
Longitudinal analysis on blood pressure change and diet
Normotensive participants who did not attend the last clinical examination were less physically active (40% compared with 45% for those with ͧ1 h activity/d; P 0.001) and consumed less fruit (183 g/d compared with 197 g/d; P 0.002).
The median time between the first and last clinical examinations was 5.4 y (range: 4.4 -6.4 y). The mean (ȀSD) SBP increased by 9.3 Ȁ 11.7 mm Hg and the mean DBP by 4.5 Ȁ 8.3 mm Hg. Of those included in the longitudinal analysis, 26.5% were newly diagnosed with hypertension (SBP ͧ140 mm Hg or DBP ͧ90 mm Hg, antihypertensive medication use, or both) at the last clinical examination, and 5.6% were receiving treatment. The relations between baseline food dietary characteristics and adjusted BP change between the first and last clinical examination are presented in Table 3 .
High fruit and vegetable consumption was associated with a smaller increase in BP (model 1 in a comparison of the 4th with the 2 Adjusted for age, sex, group (treatment or placebo), total energy intake (excluding alcohol), and number of dietary records completed. 3 Adjusted for all variables in model 1 ѿ tobacco, alcohol, physical activity, education level, BMI, dietary sodium, and other dietary variables (fruit and vegetables, dairy products, and Keys score) if they were not part of a score included in the model. 4 Difference from first quartile; 95% CI in parentheses (all such values).
1st quartile: SBP: Ҁ2.2 mm Hg, P for trend 0.005; DBP: Ҁ0.8 mm Hg, P for trend 0.04). No significant associations were observed with dairy product consumption or the Keys score. The DASH score was associated with a smaller increase in BP (Model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ1.9 mm Hg, P for trend 0.003; DBP: Ҁ0.5 mm Hg, P for trend 0.04). This relation was similar for the DASH ѿ Keys score. Results were only slightly changed by further adjustment (model 2).
A separate analysis by sex (results not tabulated) showed a similar relation between fruit and vegetable consumption and BP change in men (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ2.5 mm Hg, P for trend 0.01; DBP: Ҁ0.6 mm Hg, P for trend 0.05) and women (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ1.8 mm Hg, P for trend 0.13; DBP: Ҁ0.8 mm Hg, P for trend 0.33). A high DASH score was associated with a smaller increase in BP in men (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ2.7 mm Hg, P for trend 0.03; DBP: Ҁ0.8 mm Hg, P for trend 0.12) and women (model 1 in a comparison of the 4th with the 1st quartile: SBP: Ҁ1.5 mm Hg, P for trend 0.06; DBP: Ҁ0.3 mm Hg, P for trend 0.17). The relation between fruit and vegetable consumption and BP change remained after further adjustment for magnesium and potassium intakes (data not shown).
Sensitivity analysis
Results were only slightly changed between strategies used to account for antihypertensive treatment. Eg, for model 1 for fruit and vegetable consumption, the difference in SBP increase between the 4th and the 1st quartile ranged from Ҁ2.1 for S1 (P for trend 0.003) to Ҁ1.7 for S3 (P fort trend 0.007).
DISCUSSION
In our study, high fruit and vegetable consumption was associated with lower BP and a lower increase in BP with aging. This 1 SBP, systolic blood pressure; DBP, diastolic blood pressure; DASH, Dietary Approaches to Stop Hypertension. All analyses were performed by using the General Linear Model (Proc GLM). P for trend is calculated for continuous variables.
2 Adjusted for age, sex, group (treatment vs placebo), total energy intake (excluding alcohol), number of dietary records completed, and SBP or DBP at first clinical examination.
3 Adjusted for all variables in model 1 ѿ tobacco, alcohol, physical activity, education level, BMI, dietary sodium, other dietary variables (fruit and vegetables, dairy products, and Keys score) if they are not part of a score included in the model, and SBP or DBP at first clinical examination. 4 Difference from first quartile; 95% CI in parentheses (all such values).
relation was significant among participants who reached the current daily fruit and vegetable intake recommendation of 400 g (18) (around 5 portions) and was even stronger among those with higher consumption. An association between BP at first clinical examination and dairy product consumption was only significant in the men. No significant associations were observed between BP or BP change and a healthy fat dietary pattern. Associations observed for the DASH score were similar to those observed for fruit and vegetable consumption. The associations between fruit and vegetable consumption, BP, and BP change are consistent with results from previous studies. In cross-sectional analyses, fruit and vegetable consumption has been shown to be associated with lower BP (19 -22) . Furthermore, previous cohort studies reported a relation between BP change and consumption of fruit, vegetables, or both (23) (24) (25) . For instance, in the Chicago Western Electric study, men who consumed 42 cups/mo of fruit or vegetables compared with those who consumed 14 cups/mo had a lower average annual increase in SBP (fruit: Ҁ0.28 mm Hg; vegetable: Ҁ0.24 mm Hg) after 7 y of follow-up (1959 -1966) (23) . However, note that information regarding antihypertensive treatment was not available in this study, so we cannot exclude the possibility that high fruit and vegetable consumers who, although possibly more health-conscious, could have been previously treated for hypertension. A similar relation has been observed in another age group. In an 8-y follow-up study, higher fruit and vegetable consumption among children aged 3-6-y-old at baseline was found to be associated with a lower increase in BP (25) . Our results, combined with the results from other cohort studies, suggest that in addition to a short-term reduction in BP, fruit and vegetable consumption could prevent an increase of BP with age (26) . This effect could partly explain the lower risk of stroke (27, 28) and coronary heart disease (29) associated with higher high fruit and vegetable consumption observed in cohort studies. Antioxidants have been hypothesized to affect BP arterial stiffness (30) . However, in the SU.VI.MAX study, daily antioxidant supplementation was found to have no effect on the risk of hypertension compared with placebo (31), suggesting that long-term changes in blood pressure may not be explained by antioxidant activity alone but by other fruit and vegetable compounds. Furthermore, the relation between fruit and vegetable consumption and BP change was still significant after adjustment for dietary magnesium and potassium (data not shown). Therefore, this relation may be explained by other components in vegetables such as fibers or a combined effect of fruit and vegetable components. It is also likely that the association observed in cohort studies may be explained by confounding factors. High fruit and vegetable consumers often have healthier behaviors, such as high physical activity, low alcohol intake, or abstention from smoking, which may not be completely controlled when adjusting for confounding factors.
Our study showed little evidence of a relation between dairy product consumption and BP. This result is in contradiction with previous results (24, 25, (32) (33) (34) . Calcium is suspected to modulate BP (32) , and calcium or dairy product consumption have been shown to be associated with lower BP in observational and experimental studies (33, 34) as well as with a lower increase in BP with age (24, 25) . In contrast, in our study, dairy product consumption was associated with BP measured at the first clinical examination only among men and it was not related to BP change in general. The high average calcium intake by women (918 mg/d) in our study compared with other studies [for example, 450 mg/d in the DASH study control diet (35) ] may explain the lack of relation observed between dairy product consumption and BP. However, an association was observed at the first clinical examination in men despite a calcium intake only slightly lower than that of women (93 mg/d less after adjustment for energy intake).
No significant associations between the Keys score and BP or BP change were observed in our study, suggesting that there is no significant effect of fatty acid consumption on BP. These results are in agreement with those of the Health Professionals Follow-up Study which found no relation between fatty acid consumption and risk of incident hypertension (36) . In contrast, few epidemiologic studies show conflicting results. A low Keys score was associated with a lower increase in BP in the Western Electric study (37) , whereas low fatty acid consumption was associated with a lower risk of hypertension incidence in a cohort study (38) and a lower BP in cross-sectional studies (39, 40) . In our analysis, the poor relation observed between the Keys score and BP or BP change explained why adding the Keys score to the DASH score did not strengthen the relation with BP although decreased total fat and low saturated fat intake is one of the main components of the DASH diet.
A high DASH score was associated with a lower BP at the first clinical examination and a lower increase in BP with aging. These results are consistent with those of the European Prospective Investigation into Cancer and Nutrition Potsdam study, where a DASH dietary pattern score was associated with a lower risk of incident hypertension over 2-4 y of follow-up (16) . The BP-reducing effect of a diet based on the DASH dietary pattern over the short term has also been confirmed in several intervention studies (3) (4) (5) (6) . This effect was lower when patients purchased their own food according to recommendations than when they strictly received a control diet (41, 42) .
In our study, the associations between the DASH score and BP as well as BP change were not significantly stronger than the association between fruit and vegetable consumption and BP or BP change. These results suggest that a combined dietary pattern that is similar to the DASH diet may not be more effective in preventing hypertension than is fruit and vegetable consumption alone; however, results of other studies are not consistent with this hypothesis. The DASH study showed that the combined effect of a diet rich in fruit, vegetables, and dairy products and low in fat was more effective in the short term in reducing SBP than was high fruit and vegetable consumption alone (3). In addition, cohort studies that included additional diet characteristics, such as high fish, low meat (23) , and high dairy (25) consumption and low Keys score (37) were shown to be associated with a lower BP increase, which suggests that other components of the DASH diet may be associated with the lower BP change.
Our study has its strengths and limitations. First, our study included a large sample of participants from a free-living population and with large diet diversity, even though participants were recruited on a voluntary basis (11) . In addition, the present study included a detailed assessment of dietary intakes; 6 dietary records were obtained for 55% of the participants included in the cross-sectional analysis. One limitation of the present study was that the correction of BP with antihypertensive treatment may be only an approximate measure. However, sensitivity analyses showed that the results were only slightly changed when we did not correct for hypertensive treatment, excluded treated participants, or used another correction. Finally, despite the fact that the number of participants lost to follow-up was relatively low in the SU.VI.MAX study (10) , a large number of participants were excluded in the present analysis because not all participants provided enough dietary records or were present at all clinical examinations.
In conclusion, our results suggest that a dietary pattern rich in fruit and vegetable consumption could slow the increase in BP with aging. These results were also observed among dietary patterns based on the DASH diet and provide additional support for such dietary recommendations for the prevention of hypertension.
